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SYMBOLS AND DEFINITIONS 


crest width 
water depth (feet) 


water depth at the base of the vertical face of a composite 
structure 


incident wave height (feet) 

transmitted wave height (feet) 

freeboard (total height of structure - stillwater depth) (feet) 
incident wavelength (feet) 

wave period (seconds) 

dimensionless parameter 


dimensionless parameter 


A SIMPLIFIED METHOD FOR DETERMINING VERTICAL BREAKWATER CREST 
ELEVATION CONSIDERING WAVE HEIGHT TRANSMITTED BY OVERTOPPING 


by 
William N. Seelig 


I. INTRODUCTION 


The function of a breakwater is to lower wave heights in an area to 
be protected, where the final design depends on the incident wave condi- 
tions, protection criteria, cost, and environmental considerations. Wave 
energy can be transmitted to the lee of a structure by regeneration of 
waves by wave overtopping of the structure, propagation through the 
structure if sufficiently porous, and diffraction through openings in 
the breakwater. This design memorandum discussed wave regeneration by 
overtopping for three types of vertical-faced impermeable breakwaters: 
vertical thin-wall breakwaters, vertical-wall breakwaters, and composite 
breakwaters (see Section 7.23 of the Shore Protection Manual (SPM) (U.S. 
Army, Corps of Engineers, Coastal Engineering Research Center, 1975)! 
for discussion of wave transmission). 


II. BREAKWATER CREST HEIGHTS 


Goda, Takeda, and Moriya (1967) 2 and Goda (1969) 3 performed extensive 
wave transmission by overtopping laboratory tests for a variety of struc- 
tures. They found that wave regeneration by overtupping for vertical- 
faced breakwaters is given by: 


Ht = 0.5 Hy a - sin sie + e)| } ; (1) 


where Hz is the average transmitted height (which will have different 
wave height and period characteristics than the incident wave), H; is 
the incident wave height (assumed to approach the structure normally), and 
(h - dg) is the breakwater crest height or freeboard above the local water 
level. 


1y.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, 
Shore Protection Manual, 2d ed., Vols. I, II, and III, Stock No. 008-022- 
00077, U.S. Government Printing Office, Washington, D.C., 1975, 1,160 pp. 


2GODA, Y., TAKEDA, H., and MORIYA, Y., "Laboratory Investigation of 
Wave Transmission over Breakwaters,'' Report of the Port and Harbour 
Research Institute, No. 13, Apr. 1967. 


S@ODA, Mos "Reanalysis of Laboratory Data on Wave Transmission over 
Breakwaters,"' Report of the Port and Harbour Research Institute, Vol. 18, 
No. 3, Sept. 1969. 


The empirical coefficients, a and £8, are determined from labora- 
tory experiments for the three breakwater types for water depth to wave- 
length (d/L) ratios of 0.14 < d/L < 0.5. The definition of terms and 
symbols is shown in Figure 1. Note that the crest width, B, is approx- 
imately zero for the thin-wall breakwater, and B is approximately equal 
to the water depth for the other breakwaters. 


In most design situations the general incident wind-wave conditions 
are known and the desired wave conditions in the protected area are 
established; therefore the height of a structure of given form can be 
calculated. Rearranging equation (1) gives: 


(ni 2d) 2\ne E ee coin (a Se )| (2) 


which has been used to develop the design curves. Figures 2 and 3 are 
dimensionless plots of (h - d,)/H; versus H;/H;; Figures 4 to 8 are plots 


of equation (2) in English units. 
These curves can be used in several ways. If the incident height and 
transmitted height are given, the crest height can be determined. If the 


crest height is given and the incident height is known, transmitted height 
can be approximated. 


III. SAMPLE DESIGN PROBLEMS 
The following examples demonstrate the use of the techniques presented. 
Refer to the SPM (U.S. Army, Corps of Engineers, Coastal Engineering 
Research Center, 1975)! for useful information in a total design problem 
(e.g., wave theory, a discussion of tides, storm surges, wave breaking). 
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GIVEN: Sie —Son0) teete ily — 4a Siseconds and Glens 1240) \skOOe. 


FIND: The freeboard, (h - d,), of a vertical thin-wall breakwater with 
Hei ele oe be cite 


SOLUTION: The design techniques in this memorandum apply to waves of 
0.14 < d/L < 0.5; first, check the value of d/L as explained in the 
SPM, Section 2.231, and using the tables in Volume III (U.S. Army, Corps 
of Engineers, Coastal Engineering Research Center, WS) + In this 
problem: 


GWibo = I2LO/(Sot2 8 QsSye)) SONNE 
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Figure 2. Freeboard for vertical-wall and vertical thin-wall 
breakwaters (dimensionless). 
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Freeboard for composite breakwaters (dimensionless). 
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therefore, the technique applies. Second, check that the wave has not 
broken, or that H;/L < 0.143 tanh 2 1 d/L. In this problem: 


H/L = 5.0/77.56 < 0.143 (0.7497) 
0.0644 < 0.1072 ; 
therefore, the incident wave has not broken before reaching the structure. 


Using Figure 2 (curve 1) or Figure 4 the freeboard, (h - d,), is 
determined as 1.75 feet. 


Go te CP CR Ca EP EP EP EP TENGAMIDIR JDO BIASING SSP SS a ED a Ra, ES es a ta te SP) Es 


GIVEN: H = 5.0 feet, T = 4.5 seconds, and dg = 12.0 feet. 


FIND: The freeboard of a vertical breakwater which has a crest width 
approximately equal to the water depth (B = dg) with H¢ = 0.5 foot. 


SOLUTION: The d/L and H/L conditions of this problem fall into the 
required ranges (see problem 1). From Figure 2 (curve 2) or Figure 5 
the freeboard is determined as 4.3 feet. 
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GIVEN na oi10 feet hi- 4h) seconds), -andide ys TZ 0p tect 


R 


FIND: The transmitted wave height, H;, of a vertical breakwater (B 
with the crest height at the water level, (h - dg) = 0. 


d,) 


SOLUTION: From Figures 2 (curve 2) and 5 the transmitted height is deter- 
mined as 2.3 feet. 
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GIVEN: The conditions in problem 2. 


FIND: The freeboard for a composite breakwater, (h - ds), for dy/dg = 0.5, 
with H¢ = 0.5 foot. 


SOLUTION: The d/L and H/L conditions of this problem fall into the 
required ranges (see problem 1). From Figure 2 (curve 4) or Figure 7 
Ene On = Ge) =] SoS weSres 


* *e * Kk * kK KK * * * *F KF EXAMPLE PROBLEM 5 * * * * * * * *¥ & *® * * K 
GIVEN: The conditions in problem 2. 


FIND: The transmitted height for a submerged thin-wall breakwater with 
(h - dg) = -1.0 foot. 


SOLUTION: Figure 2 (curve 1) or Figure 4 are used to find H; = 2.8 feet. 


Co) Sk Ton Bor EPS CeCe CH tS Se eS Ee PES CAEP OE ES So SP EF EP EP ee EP SS 


IV. SUMMARY 


The results of Goda, Takeda, and Moriya (1967) 2 and Goda (1969) 3 are 
used to design breakwaters for wave transmission by overtopping. To 
illustrate the transmission by different types of breakwaters, consider 
the case where the freeboard is equal to one-half the incident wave 
height: (h - ds)/Hij = 0.5. The predicted dimensionless transmitted 


height is: 
BREAKWATER TYPE He/Hi 
Vertical thin wall 0.25 
Vertical By=id- 0.20 
Composite dy/dg = 0.3 0.30 
Composite d,,/dg = 0.5 0.25 
Composite d,,/d, = 0.7 0.21 


For this condition, the vertical breakwater with a width approximately 
equal to the depth gives the smallest transmitted wave height; a composite 
structure gives the largest predicted transmitted wave. 


2GODA, TAKEDA, and MORIYA, op. cit., p. 5. 


3GODA, op. cit, p. S. 
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